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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an anode for 
lithium/sulfate battery having a pretreatment layer 
showing an excellent lithium ion conductivity without 
volume expansion. 

SOLUTION: The anode for lithium/sulfur battery 
comprises a lithium metal; the pretreatment layer formed 
on the lithium metal with a thickness of 50 to 5000 
&angst;, including an ion conductive material with an ion 
conductivity of 1 x 10-10 S/cm; and a lithium metal 
protective layer formed on the pretreatment layer. A 
method of manufacturing the negative electrode and a 
lithium/sulfur battery including the negative electrode is 
also included in the invention. 
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[ m fF if * <n m H 1 

[If 1 ] 

1> P A & JR ; 

Wiayf !>AA*±t 5 0 7JI 5 0 0 0 A©#Stf»* Sft, 1X10 1 ° S / c m 

sx±<os{ *-yfcm-&*^i-tz> 9 * v aw ^vesm&scsr^tfMSJi ; 

[If #Jg 2 ] 

shie y ^ ? a ^ as- ^^m-^mma li, po y ( 2 < x < 4 , 3< y <5) s , it 

[If 3 ] 

*tri5y^^A-r^-ve*tt^K(iLi 3 po.tfcs, if 2 kie^o y <> a-«£ 

[If #31 4 ] 

lltTlE U * A^ * yfilttfilSffl^ lis 1X10 10 S/cm75MlXl 

O - 6 |f*^ltC|EScWy^^A-Bit^®-?fefflftS. 
[if 5 ] 

ttlfEy^^A^JR^SISttLi. PO b N c (a btt37iI5, cliO. 

175SO. Sr^tP. if * * 1 K IS«c © !> ^ * A - H « ?& ffl A . 

[If #>S 6 ] 

MI2y^^A^:JR^giS(±Li 2 . 9 P0 3 . 3 N 0 . 4 e & ^ > if * * 5 IdfE^O 
[if 7 ] 

WfEy^^A^JgiSSISWJll^ttl 0 0 O A7iI5 0 ix mt?*)-5. If # 1 1 K IS^ O y 
^^A-fiKJtSt&fflA®. 
[ If 8 ] 

!)f !>A^1±C5 O O O AroI$ff^$H> 1X10 10 S/cm£A.L 

<D^^-^^««5r*i-^y^^A^^-^e*t4^K^#tpW*aa^Sr^Stt^^#ffl^T 

lrtfElltT*!L&Ji±l-!J^ , >A^Jl{%^j*£r^*^5ia ; 
£#tr y ^'J'A-BK^mmfflA^wSJjt^jSfeo 
[If #51 9 ) 

tEDf {'A-f tyfi^ttif 14L i , PO y ( 2 < x < 4 . 3<y<5) If 
[if #JS l o ] 

atnay^^A-Y^-vfe^tt^KiiL i 3 po 4 -e$>5> if*^9t'fa«wy^^A-fi£ 
[if #ig ii] 

»E5f!>i"f*Vfittt*ft«)'ftySl«li, 1X10 1 0 S/cm»IlXl 
0" 6 S / c m-C-fe -5 . If 8 fcffittW y ? A -fiS^m?&fflft@<0$?it^i*. 
[If 1 2 ] 

if 8 y ^ •? a -s£nmmffl^«i»M5g*fe. 

[ If #31 1 3 ] 

*trlSy^'?A^«»Sl^liLi B PO b N c (att2»S4, bB3»S5, cttO. 

i »io. 9-e*>^) **tr, if #* 8 tdiE^w y ^ ? a - ajtmanffl *@<os3t^So 

[if 1 4 ] 

iftfey^A&JR^^/IliLiz. 9 P0 3 . 3 N 0 . 4 6 *^tf^ H*f 1 3lcEt 
(Ol) ^^A-BS^mffifflA^WSiit^ffio 
[If 1 5 ] 
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[ it * m i 6 ] 

!)f Miay^!?A^JS -h .fc 50fll 5 0 0 0 A©f Sfi^Jh, 1X10 

- 1 0 s / c mu±<n>s{ * ^fem& * m-rz y r ? ^- ^^m.^mm & <attm&mm > 

^tPiE^ ; St/ 

&^tr y ^ * a -be j$®?i!j 0 

17] 

IJE^n-l'tyefttilttL i r PO, ( 2 < x < 4 , 3<y<5)"C-fe5 x lt 

#jg i 6 ic isttw y * a -mnmi&o 

l if * 9 l 8 ] 

ttifay^^A-i'^-^e^ti^SttL i 3 po 4 -e & 5 , it*^i 7»cfE«tf>y^*A- 

I if * IS 1 9 ] 

sfrtay^^A^^-^e*tt^«cO'i'^->"e^«tt, 1 x 1 o - 1 0 s/cm»ii x 1 

0 _ 6 S/cm If # « 1 6 {£ IE *c <£> V f- V A - fit I* « » . 
[ if *^ 2 0 ] 

itltEUf n^IftilliL i , PO„ N c ( a fi 2 75 ^ 4 , bttJ»l5, cttO. 

1 75 |g O . 9ffc5) Sr^tf v if*^16^ia«cWy^r>A-Bg^«?&„ 
[If 2 1] 

WIEy^^^tfem»SIS(4Li 2 . 9 P0 3 . 3 N 0 . 46 =&:^-tr, lf**S20»;ilE« 

w y ^ a -mnmm. ~ 

[ If Jfc« 2 2 ] 

lWlEy^?A&JR{£^Jf(£>J?:£|i 1 O O 0 ABI-5.0 MmT-fc-5.lf*^l 6 {C fE «t <£> 

y f- <? a -msni. 
nsw<o^as*siW] 

[ 0 0 0 1] 

^^Bjfiy^^A-^jtajtfcffi^®, ^rossat^&s^^tvsr^try ^ ? a - mm 

[W*ft«] - 
[0002] 

^S?® ^f-SSSf <D3§® K#W g< T^lttrog«lC»t5gti5SJiJD LTV^„ - (7? i 
J£^, r <7> y <? A -tt**»fc»i-SH«a*J£36tefTfeftTl^5. 

[ 0 0 0 3] 

y f- V A -fi£Hffl;?fe tt „ S£ H - fiS (Sulfur-Sulfur bond) £ * 1" 5 6£ 31 % ?Hfc -g- 

feSrlE^S^Ki: ltffll\ y ^ * A <£> i o t£T J\s* y^JR-^y ^^A^^vo&^&JR 

b> SMbKJEffc (?5«l$) KI4 S o SMb & # if AO b * a* S - S gj-g-as Wtf#jftSih,«ft 
[ 0 0 0 4] 

y^?A&J!te % S<T^^yU=3r — ^ftjJ5®ttTV>5fc*^y^^A-SS^^?i&(7?^@ 
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Z&ytmi&l&^m-t- ZWftfcMib bftT ^5. U A> L > ft * W W ft <& ftT 3 
]) =J- $ A-f ^ ffc t? $> 3 L I P O N (Lithium Phosphorus Oxy-Nitr ide) £r & SI t 

it y ^A&jK^HKttS^ 5 its £ . ^r^^^;xe^^^^^#H«tT, 

?.s< -y * }) > yjjfeX*?Ti?tl Z frlb , ii*^Xt/L i 3 P0 4 Hit t !)f 

^ <b ^ ^ M ^ <t L T M $ ft 3 i ^ 5 S # o „ 
[ 0 0 0 5 1 

r CD RSS & P5±-f 3 fc * Id . ^ffli&fr^BSSg 2002/001 2846A1 (* II Molt 

echa) ici»4 s y ^ >? j»&m&m tcftsn sr^figi- 3 ist-y f- •> j*&mmm 3 
r.t*ST?irsMtoaffiSicov^-ciia*$ixTv>.5. ^©iMaiiii, 7 p 7X-?co 2 mi© 
i?i#^ft«iSi !if i?A*atrogg;t»^$ti5L i 2 co 3 iSfi^^nt^ 
fc o , ffltet'<D, y ? A.<D&&*®g,\zm&X'Z 3&jr-c«ij* £ ft-cv^ 3. t^b. c 

O z ^f^i©S)S;iaotifiEJlxfcL i 2 C0 3 Jf 12 y^^A^^veSfg 

< (^fi-ej^ixio -1 2 s/cm«T) , y^^A^mt^^?r^^ir^^-t- 

[IfrfFXtt 1 1 *l#tf / ilS 2 0 0 2/ 0 0 1 2 8 4 6 t 
[ 36 91 CO M * 1 

L J: 5 

[ 0 0 0 6 ] 

y^^Aw^^ejtSEtfs&jf-c-fct), <fcsns*J!s <o * v*iw»«ji«:£try ^^A-ssftm^ 

[ 0 0 0 7 1 

^r>A-BSJt«?&fflA1lcDSi5g*ffiS:«i«-r5. 
[ O O 0 8 ] 

#»93«>*b©B»»±» WfS^^Sr^tfy^^A-a^m^^tiW-rSwiicabSo 
[HM3rJ$?&:1-3fc«><D^IS:l 
[ 0 0 0 9 1 

me B «J 4r 3 fc K> fc#35 W ft, JtJ'AAl ; «IE5^!?A4«±K5 0»S5 

00 OAcDJSS-C^j&Sft, 1 x l 0~ 1 0 S/cm£A-±W>f^>'e*««:*i-5!J^-^ 

[ o o 1 0 l 

#*S9ltt*fc» y f- V A£jR_hfc 5 0 7b m 5 0 0 O A CO J? $ T?7£j5fc $ ft, 1X10" 1 

tfy^^A-fisism?afflAi@<oM3t*ffi5:S«i-3„ 

[0011] 

5 mn $ ft 3 iE^e^i® Sr^.tr 3E4E ;Xtf«#tt:&£trJ!*-* A - KtSft iSftt 5 

o 

[ 56 m co 8b * 1 
[0012] 

wraiBjftjjsftv^ *fc, iiitig!)s^Mtt^^#iMf^Ji snsw-e y * A&m*ffi 

[5§BJ&Hlte-r3fc«)CoSA<o^figl 
[0013] 
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„ iKr IB fltr & 3 s i* , ttSWtf^^tiTv^Uf^A-f^yfifftffeSL i pon ( li 

thium Phosphorus Oxy-Nitride) &&m$&b LT y f«?A^Jt5^S»rig^^^;$-fr± 9 t 

i*#^s«L i 3 po 4 * -v y hfet tyf ^A&st^sgtfLt, y^*A&jiig? 

ffi K IS * A © * * t ^ A <t m <o * ?L 14 y ^ ^ A « ^ft ^ * ffl a « i: L "C * Jx 5 i 

Sr iil m £ 5 € £ V ;> 9 . 
[0014] 

[0015] 

*Sii(OiMII(llxlO - 1 0 S/cmgl, IffSKIilxlo - 1 0 S/cm 

75^1 x 1 o~ 6 s/cm©j)f n^tyfiis^its y^-^-W^V-g^tt^fCT 

[0016] 

L i , P O y 

(5$ * . 2 < x < 4 , 3<y<5Tfc!J, x&3^ ytf4-?h2>Li 3 P0 4 -?&Z>^b 
ftfcffSU>„ ) 
[0017] 

mfBft-fr* t5SJ:9i*SIi tTffll^bhtV^fef ro-of$,5L i 2 C0 3 
Jt.-t TlllOOBIlO, O O OfC^tVlfSSrttS©-!?, L i 2 CO s lltt^ 

t # ^ m ^ MM t* y ^->A-r^-^^ini$-ar5 - t # -e # s . 

[0018] 

W IS -ft -a" ^ f4 ^ ^ ^ -ft ?J 5 (5 t A/, if Jfc V ■> -ft "a ^ "<? o "C » «* J: 9 'tt»aJi t LT 

t «fc z> m m & % * l 4 v o 

[0019] 

0 A * ?i T ifc 5 <t it W JBI t L T <D $$ fg ^ ^ffi T ft ^ 5 F.5J S ri* •? , 5 0 O 
0 A J; *> £ y ^ iJr A W * i"gSgjgin; !JJ * # < t£ 5 t 1^9 ffl m Jt& :A> fo -5 . 

[ 0 0 2 0 ] 

WBEy^^A^JS^Sgli. £f £ L< J±L i . PO b N c ( a li 2 75 I 4 > b 14 
cttO. 1 Til 0. 9 T fc 5 ) «: £ * . it)#*L<»4, Li 2 . , P0 3 , 

aN 0 . 4 6 5r^tPo stria y ^ ? &&mi%mm<nm & \t 1 oooA^^soMmT- 

*>-5ri:;SS$f;£LV^ iftlEy^^A&JS&^/fooflStfSi 0 0 0 A*iffc5iftg|J; 
LTWtStg^^*^^/i9, 5 0^mJ;t)J?^i:lg«i(73«s:a ( ff £ ) iS^KtStft, 

[ 0 0 2 1 ] 

[ 0 0 2 2 ] 

!)f ?A^l±|;i x 10" 1 0 S/cm«±C!)f {'i^ ty6iIS:f t^Df 

■W ^fiigttttK Sr > ^m&Mx&m&T. 5 O 5 O 0 0 A©f SflfL, M«i 

as & jgjas-f- « . 

[ 0 0 2 3 ] 

HfrfEy^^A^^-^e *tt ft K tt *fj is it <o it t 4> 5 r t » & £ l . r <s> « 

(4, y 7-9A&Jlftttj|&ttj£i-.&ft*tt&BflEy ^ * A>f ^-V-g^L^T*>5 L I PON 
©JR*B*«>SSll*IB«TK:*sv*T£JtLfc1feirT**>5. 
[0 0 2 4 ] 
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* it , 9 1 * ^Bm&wo'g<offin t it i*. l i 3 po 4 stiiL i 2 otp 2 

O s SritW'feit^-eft'a- L fc t © ?r ffi ^ 5 r t a* # 5. 
[ 0 0 2 5 ] 

ttfv^^iS^ft-CtHtSC tiJJtf , ^ O ft * fi<J ft 0»J £ L T li . Uv^ffi 
N ^^F-t*— (electron beam evaporation) . M&MI&M&fe (vacuum thermal 

evaporation) . U — If — T ~f \s — *S a V (laser ablation) , VC ¥ ^ tS M * ife > 
58 (thermal evaporation) . ^ 9 X <fc % ft ft « *fc » U ~ ^ - it ^ tS ft * ft ^ 

h *ta 3» * ft ^ 39* * w e> n * . 

1 0 0 2 6 1 
[ 0 0 2 7 ] 

i&U/t — fi£iftftia<^5*>ro^75>ft5;£i£-efc!£J&-e£x — &tc(4. ^^^^.#B^X-* 
ittitiifflJ;)CL 1 poNopfnfti«iii**S45. nfjiEi>^*A&«4fc 

llrog^iltttli, MlEl»*&M«>l*fSrtt«ti:ISI-«>L i 3 P0 4 Srffl 1^5 ^ t a 5 
[ 0 0 2 8 ] 

gft !) f 1? A/f tyfif Ltitl SrlSlfTV^ L I P O N© P f ? A^Iftgl^^ 

£ & s & l i 3 po 4 &m&wimmm<Dmnv!>'% t z t . l i poNii^ct 

[ O 0 2 9 ] 

fttJ5rnf><Ojg-g-^)S:E®fil^lKi:UT-&tr„ fll IE St ?Ht-&^ 14 , Li 2 S„ ( n £= 
1 ) . *T*«EjiUfc£-*».&tf y^-((C 2 S x ) n :x = 2. 5-50, n 

[ 0 0 3 0 ] 
[ 0 0 3 1 ] 

[ 0 0 3 2 ] 

_ — h , ;* * 3- K -ft ^ b Wk-g-iga, 3i x -r -MlS-g-® 

, ^ ; i, 7 Hfc-&». M fit gHfc <o 5 {»A#!)^/i'7r'f Kt**t*5B 

Itftjtl 5J:9*#v^8«i:)l«*li. !> ^ * A«:g|^^ £ 14 > ttft $ n fc * - ^ /Mk 
-g-^i , ;f g& fp <o ^ — 7- M'S tfo . N „ O , S*fcl*r.*vbcD^a^.-a-^-lir755^*nfc: — fo 
iS^-fU'S-fe 4 7 ft !> ^ £ A^JStC^^ Lfc S E I (Solid Electrolyte Interface) V 

[ 0 0 3 3 ] 

ilV^®^4@^WA^^Wft^JtbXt4, Jrv'UV, V> * V * *S=^5 ^ 2 - ^ f yl'f h 7 

t K n -7 =7 S , — JJ?^ — *J J\s%— — h , ^y^/Ui — 

f /u, yif /H-T/l', ^ / 7 >f i» , xh^^^-fAftifjiiJfeS. 



(7) 



JP 2004-139968 A 2004.5.13 



[ 0 0 3 4 ] 

5a^@ttiSS£<O:Ir#fi<)#01J Htli, ^#t^f;H)ySM7U' (hexamethyl pho 
sphoric triamide) „ # y -=? — /f 07^ hV, T ± b = h V , if l/Vj - h 

if wy^!) 3- v? T -fer x — K v?^ f h> x- f u 

[ 0 0 3 5 ] 

yf-7Ai*S^^<D*fl:Wi0iJ^bt:J±, 7; h-7 fc K n 7 7 ^, xf i/yt^->K, 1 
, 3-5?*^yf y, 3, 5 - i? * f-tvj y =Jf-y- y — vl^ 2", 5— 5?/f^77y, 77 10 
V. 2-^fyU7?y, 1, 4^^-=5r1f^, 4-^f/l"^tJE-y7y41f!iiJ,5„ 
[ 0 0 3 6 ] 

— K JI^*A/<— *nU— K L i P F 6 , LiBF^^oyf^AJ^fhy;/^ 
/WT>' ; e='7Ax!-77/'i'^-o^U— h (TBABF 4 ) s 1 - xf /U- 3 - ^ f 5 
^i/y^AfJX - ( — 7/^nxf;Myl/*=^) ^ $ K (EMI Bet i) & if <D -i 

AJfi(OS|*H0. 6 75M2. OMroairtt-ffll^W^jftK, 0. 7 751 1. 6 M CO ' 

^fflfi-efflv^ was $ ic£f £ uv^ y ASwjSSii o . 6M*lt-Jb5i, t»I 
«0«««/55<g;< ^oT«?&tttg^<g;T 2. OM^gxSi, jf <£> *fe & ri 5 *f IP U T 20 

[ 0 0 3 7 ] 

KT« *^PJ<0»^ UV^ife0iJ&O«Jt^E^JtroV^-CfEit-t- 5. U^U, T IE <D S6 Jfe #J 14 
[ 0 0 3 8 ]. 

(3SJfc0!l 1 ) 

y f ^a^11I;E14^ yf rot i 3 po 4 % d> — >f y hHt> r a- y # a ^5 v 

5mTorr<D£E^3, 3 O O WOR F^7-Tt' 1 O^KIfLt, 10 _8 S/cm<O 
^ ^ye^aSr#t5 L i 3 P0 4 iS0ilI5:l!i5 0 OAJI Jff ^Lfc, o m , flt^ 
S _h tt: 1^ — CD # — ? y hSi^Sili, 5mTo r r <E> ffi 2k 2 0 0W(ORF^y — T 30 
T2^BllltL I PON<SlI?:»^L > yf^A-RS^m?i&ffi^M^Saitbfc„ 

[ 0 0 3 9 ] 

( it 15? m 1 ) 

[ 0 0 4 0 ] 

iifflltBifflioiJaillf iSi^Stf tL 1 p o n M m & ft o fcA^i± » 
7X?o^f ir io-ci<ai5^?Ltty f tfr a* s jf & j& 

L fc & K L I PONlf ^ffot^IMlOAStt^ <>^& CD'S. t.m ft 

$ *x fc . 

[ 0 0 4 1 ] 40 

•Sfc, MK&it&m 1 <Dfk&-klz^# / — ^5;St It, TSt#4t5yf 7Ai©S 
J&t££$iiSi-5xx K -e, #*co^f^d5«^-t-S^i:lc:J:«7, L I PONftiliMf ? 
A^J©-htr?F^- % ^ ^ K j& £ T ^ 5 :i «k /$* # d> c> fc" 0 — ffilf5Sii60yi0>:jHl- 

ji \z r /v =2 - ;u & m- 1 Lfci^cii^xijistU'i^cfcr i^e> ( m ®- m m # l i p o 

[ 0 0 4 2 ] 

(3SJS01J 2 ) 

y =»vi7i^^-coa*t±lcmgfiaji tlsl-If tttT'Mfelli L I PONftllS: 

m&i,, ^ (om&mm t l i poNiro^^jrtsux, &mm z F<nmm*ft$tvtz 0 # so 
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IfjfeliX P S (X-ray Photo-electon Spectroscopy) 3r ffl V N X cF ft ft I- ^ D 7 r -f U V 
^Sr^ffibfco Hltt-twJSStSLfctW-efcot, (LIPO 

[ 0 0 4 3 ] 
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